This study investigates whether there is a predominant Staphylococcus aureus strain in retail foods and healthy human hands, and examines the relationship between pulsed-field gel electrophoresis (PFGE) banding patterns and the S. aureus characteristics of staphylococcal enterotoxin (SE) type, coagulase type, andlactamase activity. Ninety-four strains of S. aureus isolated from retail foods and healthy human hands were analyzed by PFGE. Several strains isolated from the same shop or a chain store showed identical patterns, indicating that the origins of these strains were identical. After excluding these strains showing identical patterns, 54 strains were used for the PFGE analysis. No spread of a particular clone in the environment surrounding the food was apparent. The PFGE analysis of these 54 strains was classified in 6 lineages (L1-L6). There was no relationship between the PFGE banding pattern and coagulase type or SE type. Eleven (84.6%) of the 13 isolates in PFGE banding pattern L5 did not produce -lactamase, suggesting that the production of -lactamase influenced a specific PFGE banding pattern.
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Key words: Staphylococcus aureus; enterotoxin; coagulase; -lactamase; pulsed-field gel electrophoresis (PFGE) Staphylococcal food poisoning caused by enterotoxin (SE)-producing Staphylococcus aureus is an important food-borne disease in many countries including Japan. 1) Although the presence of 21 types of SE or SE-like toxin (SEA-SEE, SEG-SEI, SElJ-SElQ, SER-SET and SElUSElV) has been reported, [2] [3] [4] SEA is most frequently implicated in food poisoning. [5] [6] [7] The coagulase typing method has been successfully used in Japan for epidemiological investigations of staphylococcal food poisoning. 7) The incidence has gradually decreased in recent years in Japan; 245 outbreaks (4,493 cases) in 1983, 8) 95 outbreaks (2,453 cases) in 1991, 8) and 58 outbreaks (1,424 cases) in 2009. 9) However, in 2000, more than 10,000 cases were associated with an outbreak in Osaka that was caused by the consumption of skimmed milk powder contaminated with SEA 8) and SEH. 10) Pulsed-field gel electrophoresis (PFGE) is known as the ''gold standard'' for typing S. aureus.
11)
Some authors have reported that a similar PFGE banding pattern tended to spread in raw chicken meat, 12) hospitals 13) and farms. 14) Although PFGE has proven valuable in epidemiological studies of S. aureus found in outbreaks of food poisoning, 15) little information is available about the strains isolated from the environment surrounding retail foods and healthy human hands. 16, 17) Although it has been reported that there was no significant relationship between the PFGE banding pattern and SE type 18, 19) or coagulase type, 20) Shimizu et al. (2000) have reported that some specific types of PFGE were frequently found from the coagulase type VII strains. 15) Homogeneity among the mecA-positive strains was also apparent in the relationship between the PFGE banding pattern and mecA gene, [21] [22] [23] [24] [25] while heterogeneity among the mecA-positive strains was observed. 26, 27) Although there have been many studies on PFGE concerning methicillin-resistant S. aureus (MRSA), it remains unclear whether the PFGE banding pattern is related to such characteristics of S. aureus as the coagulase type and -lactamase activity. There is also little information on the relationship between the PFGE banding pattern and some characteristics of S. aureus isolated from the environment surrounding certain foods. [21] [22] [23] [24] [25] [26] [27] The purpose of this present study is first to investigate whether there was a predominant S. aureus strain in retail foods and healthy human hands, and second to examine the relationship between the PFGE banding pattern and the S. aureus characteristics of SE type, coagulase type, and -lactamase activity.
A total of 94 S. aureus strains isolated from retail foods (Japanese-style desserts and eggshells) and healthy human hands in the Kanto district in Japan from 2000 to 2004 were used in this study.
28) The term Japanese-style desserts includes ohagi, daifuku, and dango. Isolation and identification of the S. aureus strains was performed as previously described. 28) SEs (SEA, SEB, SEC, and SED) were detected by the reversed-passive latex agglutination (RPLA) method with a commercially available SET-RPLA kit (Denka Seiken, Niigata, Japan). The isolate was inoculated into 3 mL of a brain heart infusion broth (Difco Laboratories, Detroit, MI, USA), before being incubated overnight at 37 C while vigorously shaking. Each cultured broth was centrifuged at 700 Â g for 20 min. The supernatant was assayed according to the protocol provided with the kit. Agglutination was checked after incubating at 25 C for y To whom correspondence should be addressed. Fax: +81-3-5978-5755; E-mail: murata.masatsune@ocha.ac.jp Abbreviations: PFGE, pulsed-field gel electrophoresis; SE, staphylococcal enterotoxin; MRSA, methicillin-resistant Staphylococcus aureus; RPLA, reversed-passive latex agglutination 18-24 h. The coagulase type was determined by using a Seiken immune serum of coagulase (Denka Seiken Co.), each culture being assayed according to the protocol provided for using the kit. The tube was incubated at 37 C for 2 h, and a sample showing negative after 2 h was further incubated for 48 h. -Lactamase production was examined by the nitrocefin color test 29) with a Cefinase disc (Beckton Dickinson, Cockeysville, MD, USA) according to the manufacturer's instructions.
PFGE of SmaI-digested chromosomal DNA was performed according to the method of Suzuki et al. 30) DNA restriction fragments were separated on 1% SeaKem agarose gel (FMC Bio Products, Rockland, ME, USA) by using a Genofield AE-8900 system (Atto Co., Tokyo, Japan) according to the manufacturer's instructions. The PFGE analysis was performed with a multi-lane screening program (Atto Co., Tokyo, Japan) by the unweighted-pair group method, with the arithmetic mean given by the average linkage clustering algorithm. 30) Ninety-four strains of S. aureus isolated from retail foods and healthy human hands were analyzed by PFGE. SmaI digestion of S. aureus chromosomal DNA produced 12 to 20 fragments ranging from 30 to 700 kbp by the PFGE analysis. The strains isolated from food samples obtained from shops of the same store chain in several different districts showed an identical pattern; for example, 13 strains isolated from different kinds of Japanese-style desserts purchased from a chain store in three different districts showed an identical pattern (Fig. 1A, lanes 1-13) . All the 13 isolates showed coagulase type VI, and produced SEB and -lactamase. This finding suggests that the strain was widely disseminated in the store chain, or that each shop used the same ingredients. Furthermore, the strains isolated in different food items from the same shop showed an The strain numbers (no.) quoted here are shown in Table 1 . The dendrogram of pulsed-field gel electrophoresis (PFGE) was analyzed on the basis of SmaI-digested total DNA from S. aureus isolates that represented individual PFGE banding patterns. Six clusters considered as lineages (labeled L1-L6) were found at a cut-off point of S ¼ 0:50. The PFGE banding pattern of standard S. aureus strain NCTC 8325 is shown unlinked in the dendrogram.
identical pattern (Fig. 1B, lanes 14-17, 18-20, 21-23 , 24-26, and 27-28). These strains having an identical pattern showed the same coagulase type, SE type and -lactamase production. This result strongly suggests that a particular strain was spread in a shop or a store chain. Fifty-four strains were used for the PFGE analysis after those showing identical patterns had been excluded. A phylogenetic tree analysis showed that the 54 PFGE banding patterns were divided into two major clusters A and B. Each cluster was further divided into two sub-clusters (L1-L3 and L4-L6, Fig. 2 ). This result indicates that there was no broad distribution of an identical or genetically related S. aureus clone, although a particular S. aureus strain tended to spread in a hospital. 13) We next examined the relationship between the PFGE banding pattern and the S. aureus characteristics of coagulase type, SE type, and -lactamase activity. Coagulase type VII is the most frequently involved in staphylococcal food poisoning outbreaks in Japan, 8) suggesting that this type would be widely involved in food poisoning. However, no predominant PFGE banding pattern was apparent in this study in the isolates showing coagulase type VII (Table 1) 20) There was no significant relationship between the PFGE banding pattern and SE type ( Table 1 ). All the enterotoxigenic strains showed different PFGE banding patterns, suggesting that the production of SE did not have a specific PFGE banding pattern. This result is supported by those of other authors. 18, 19) Eleven strains (84.6%) of the isolates in PFGE lineage L5 (n ¼ 13) were -lactamase-negative (Table 1) . It seems that the -lactamase-producing S. aureus strains had a specific PFGE banding pattern. The production of -lactamase might influence the specific PFGE banding pattern. There have been several studies reporting a relationship between the PFGE banding pattern and mecA gene. [21] [22] [23] [24] [25] [26] [27] In this respect, it has been reported that an identical or similar transferable plasmid having the mecA gene might be spread among S. aureus strains. 31) Although this plasmid may affect the PFGE banding pattern, it still remains unclear whether there is any relationship between the PFGE banding pattern andlactamase gene. Further studies on this possible relationship are therefore needed.
In conclusion, there was no broad distribution of an identical or genetically related S. aureus clone in the various environments surrounding the foods. Although no relationship between the PFGE banding pattern and coagulase type or SE type was apparent, a relationship between the PFGE banding pattern and the production of -lactamase was recognized.
